
O 
Q 



The * 



Fkteht 
Office 



CO 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PCT/GB 2004 / 0 0 3 1 Oi 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport. 
Souths 
NP10 8 




b 2 0 SEP 2004 



WIPO 



PCT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to bv the 
Comptroller-General. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 
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In accordance with the rules, the words "public limited company" may be replaced by p.l.c. , 
pic, P.L.C, or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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r Method of Manufacturing a Component for Droplet Deposition Apparatus 

The present invention relates to a component for a dropiet deposition apparatus 
\ and more particularly a nozzle plate for a droplet deposition "apparatus. -\ 

A nozzle plate is typically attached to a body of a droplet deposition, apparatus. . 

• having a plurality of ink ejection, chambers to provide each chamber with a ; 
. respective droplet ejection nozzile. Due to the accuracy with, which ejection 
.nozzles must be formed in the nozzle plate, for example to ensure uniformity of 

io the size and velocity of droplets ejected from the ejection chambers, laser 
ablation is commonly used to form the nozzles in the^nozzle plate.. Plastics 
material such as.polyimide, polysulphone or other such laser-ablatable plastics 
material is commonly used to form the nozzle plate, and after the application of 
an ink-repellant layer to one face of the nozzle plate, each nozzle is formed by 

15 exposing the plate to a laser beam, such as an excimef laser bearn, of 
appropriate diameter. The nozzle plate, complete with nozzles, is then bonded 
to the body of the apparatus with each nozzle aligned with a respective charnber 
formed in the body. 

20 The use of plastics material for the nozzle plate tends to make the nozzle plate 
relatively weak, and thus prone to mechanical damage. Whilst stiffer materials, 
such as metallic or ceramics material, may be used ~for the nozzle plate, 
accurate nozzles are less readily formed in the nozzle. plate. 

25 it has been proposed in the prior art, e.g. from WO02/098666, that nozzle plates 

. . • < . .■ * 

. may.be formed from a metal plate containing an aperture into which a polymer 
■ ■ * * . ■ . . * *- 

. . material is injected. A nozzle is subsequently formed through the polymeric 

material . 

30>^;The'm and, although;, 

v inot described, the photoresist that forms the aperture"in the plate must be 
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removed before the aperture may be filled with the polymeric material. . ; 

It . has now been recoghised by the present inventors that when the nozzle piate 
component is built up using a technique such as electroforming the photoresist ■ 
5 used to provide the apertures in the plate of WO 02/098666 may also be used . 
to provide the polymeric material through which a nozzle may be formed and a* 
droplet may be ejected. . 

In its embodiments the present invention seeks, to provide an improved method 
10 for manufacturing a component for use in a droplet deposition apparatus. 

In an aspect of the present invention there is provided a method of forming a 
nozzle plate component for a droplet deposition apparatus, said method 
comprising the steps: forming a body of a first material said body having a 
15 periphery, forming a plate of second material around said body* such that the 
plate extends around at least a portion of said periphery of said body; and 
forming a nozzle extending through said body. 
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The plate is preferably formed by an electroforming technique. 

The first material may be, for example, a positive or negative photoresist 
material. Especially preferred is a negative photoresist such as SU-8. The 
material may be masked and exposed to a form of radiation e.g. light to develop 
the un-masked portions. 
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The photoresist may be spun onto a substrate as a. layer and subsequently/ 
. processed to provide a plurality of distinct bodies/ The substrate and where 
; applied, a seed layer, may be used to form the plate material by electroforming 
v or electroplating. The seed ; layer may be a sacrificial, layer of copper or.sbme.,. 
3b; "other appropriate, material/' '1'^^;?'$.* ; m ^v-V- 



The su&strate may also be u'sed. as a support during subsequent manufacturing _ ': 
steps e.g.. attaching the actuator unit to the nozzle . plate, building electrical 
tracks on. the nozzle plate etc. The polymeric bodies continue to provide 
structural support to the nozzle plate: 

■■'v.' '".THe bodies "may be provided as an array and. thus form the plate such that the 
materia) of the plate surrounds at least a portion of the periphery of the each of 
v the bodies. •' '■ 

10 The substrate may be provided with mould features which provide form to the 
bodies: In. one embodiment the provided mould is tapered such that.yjpon 
removal of the nozzle plate component from, the substrate the nozzles are 
•' substantially formed. • ' ■ ;| ... 

15 In a particularly preferred embodiment nozzles are formed through the body by 
an ablative technique. Other techniques such as punching or etching* may 
• provide a nozzle of appropriate quality. I .. 

. The nozzle plate component may be attached to a droplet deposition apparatus 
20 prior to or post forming nozzles through the bodies. 

- The robustness of the nozzle plate may be further increased by providing a 
further material which extends over a surface of the plate and preferably also 
over a surface of the body. The location of the further material, which may be 
25 electroformed, may be defined by a further, non permanent, resist defining an 
aperture through which droplets are ejected from the nozzles. 

... . In, one. embodiment an insulating layer is provided on a surface of the nozzle 
| :; plate : component: % Beneficially .this' 'allows for the possibi\ity;'of .electrical track?.: 
^a^b^n^/pl^cJed on .said;;insulatiiig^iayer:^ The tracks may. be used .. to connect, 
•electrodes pn the droplet deposition apparatus with a remote driver circuit. 




In a further aspect there is' provided a method of : forming : a nozzle plate. for:. : - 
droplet deposition apparatus, the nozzle plate comprising a plate and a plurality., 
of nozzles, each nozzle having an inlet, an outlet and a bore' extending between 
the inlet and the outlet formed through polymeric material located within an 
5 aperture within the body, the method being characterised . in that the plate is 
electrofbrmed around the polymeric material. 

The present invention will be described, by way of example only, with reference 
to the following drawings in which: 

10 . . .* 

Figure 1 - Depicts a nozzle plate 

Figures 2a) to 2e) show a method of manufacturing a nozzle plate according to 
the present invention. 

15 

Figure 3a) to 3c) describe a technique of forming a guard on a nozzle plate. 

Figure 4a) to 4c) show a method of forming a nozzle "plate attached to an 
electrical circuit. 

20 

Figure 1 depicts a nozzle plate according to WO 02/098666. The nozzle plate 1 
is formed of a metallic plate 2 with an etched aperture. Apolymeric material 4 is 
inserted into the aperture and subsequently a nozzle bore 6 is formed either by 
punching or ablation. 

25 

Figure. 2a) to e) describes a method of forming the nozzle plate component 
according to the present invention. Where possible, the. reference numerals 
. used, are, the same as those used to describe the prior art. A copper seed layer 
* 8 is deposited onto a substrate : .i b; A layer 12 of SU-8 photoresist is ispun onta . 
30 Vthe ise^'|ayer> : /' . ■•■ i, ;r. ^'i^i^^r,: .■ >>•:■- ': v ;Vi:d : .: ; -1 . - * ■ 'v \ ^'v- ' 



•ftis.f';:.;'-' ' ••.'.•. v .. . • ■• ?»!.-■•> : :: 

■■■^•y<W:- : ^ : ' 'K ■ : V • /-/%N ••<::'• • v.- .. 

th^otoreslsris masked, exposed and d^velqped;,to^feave a plurality , of.' ^ 

discrete -bodies 4. The plate ' material 2 is . subsequently electroplated or 

electrbformed onto the copper seed layer thus forming a composite nozzle plate 

unit. ' ■ ' ••' • ' ":: ' • '• ' "" : 

' The nozzie plate unit may be released from the substrate by etching the" copper 
seed layer to form a nozzle plate component. Nozzles may! then be formed 
through the in-situ photoresist material either before the nozzle plate is attached 

/to an actuator ..unit (ex-situ) or after the nozzle plate is attached (in-situ). ■ 
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Overrating a portion of the resist provides a level of mechanical protection to 



the nozzles from paper impacts etc. 



One of the additional benefits of the present technique is that the s|uctural 
1 5 photo-imageable resists allow further structures to be built on the nozzle plate 
before ablating the nozzles and whilst it is still attached to the substrate. .% 



In figure 3, a guard plate is formed on the nozzle plate thereby providing an 
protective layer. Firstly a. second layer of photoresist 12 is deposited onto the 
20 nozzle plate component and this is patterned, exposed and developed to leave 
portions which extend over the structural resist. 

A metal layer 14 is electroformed around the photoresist 12 and subsequently 
•'" the photoresist is removed to leave apertures. Nozzles are then formed as 
25 described above. ;. 



v It is also possible to form other features that may be located on either side of the 
, . . ; K . nozzle plate. Figure 4. describes a technique of forming a nozzle plate having a 
Wf-^f [ ''/W^onSuptiie track attached' thereto: 'The electroformed plate,- whilst stjil a^?H*J; 
f^fSfe^ further, layer £f aniigectr(ca|.Jns^la|on.. 

'■*■'"•■■'■:'.■.•*• :„_i^l':li'ort ...u:«u ...iii i^«io+a "tho Vhotai nf th«a nn77le olate combohent frohi the 




metallic tracks formed in trie track component 22. The track component may be 
a separately formed sheet or may simply comprise tracks formed onto the . 
insulating sheet 20. 

5 Other, features will be clear to a skilled person which would be obvious in the. 
light of the present invention. It is the applicants intent to cover these features. 

Each feature described herein may be incorporated into the claims either alone 
or in conjunction. with one or more of other described features. 
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1.. A. method of. forming., a nozzle, plate component .for a droplet deposition 
apparatus/ said method comprising the steps: ; = . .>■.':■■'•*. " 

forming a body of a first material said I body having a periphery, ■ 
5 forming a plate of second material around said body such that the plate extends, 
around at least a portion of said periphery of said body; and ' 
forming a nozzle extending through said body. ;'•/.•'■ 
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2. A method according to: Claim 1 , wherein said plate is ejectroformed. 

3. A method according to Claim 1 or Claim 2, wherein said first material is 
formed as a layer on a substrate said layer being processed to form a pluraility of 
bodies'. • ^ * 



15 4. A method according to Claim 3, wherein said plurality of bodies areftn an 

array. • y^-: 

. . ' , . ...... " „y..* 

5. A method according to any preceding claim, wherein said substrate is 
provided with mould features providing form to a respective body. 

6. A method according fo Claim 3, wherein said bodies are distinct from each, 
other. 



7. A method according to any preceding claim, wherein said nozzle are formed 
25 by ablating through said body. 

,. 8 - A method according to any preceding claim, wherein said first material is a 
plastic material. 
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'J-'-,"-": photoresist.' • •' .' . r. [ •' '. ;'?'""*••• :v;;'."..' ' •' "/;.:•• 



10. A . method according to, Claim 9, wherein said photoresist is a negative 
photoresist. 

5 11. A method according to Claim 3, wherein said processing step comprises the 
steps -of masking said layer, exposing said layer to radiation and removing 
portions of said layer. 

12. A method according to any preceding claim, wherein the said plate is 
10 attached to a droplet deposition apparatus before said nozzle is formed. 

' 13. A method according to Claim 5, wherein said nozzle is formed by the act of 
removing said nozzle plate component from said substrate. 

15 14. A method of forming a nozzle plate for droplet deposition apparatus, the 
nozzle plate comprising a plate and a plurality of nozzles, each nozzle having an 
inlet, an outlet and a bore extending between the inlet and the outlet formed 
through polymeric material located within an aperture within the body, the 
method being characterised in that the plate is electroformed around the 

20 polymeric material.. 

14. A method as substantially herein before described with' reference to Figures 
2 to 4. 

25 15. Apparatus as substantially herein before described with reference to Figures 

••' ' 2 to 4. : ' ■• • • 
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